1 A previous version of this paper has been presented at the 5th meeting of the ICAZ Worked Bone Research Group (WBRG) in Veliko Turnovo, Bulgaria, on 30-8-2005.
Introduction
In his study about the element of play in culture Johan Huizinga (1980: 1-27) argues that play is older than human culture, that it is inter-woven with the beginning of culture itself and that it may even be regarded as a an essential element of culture in general. 2 Two central and interdependent aspects of playing are the repetition of an experienced reality and the creative change of it (Huizinga 1980: 8-10) . These aspects are reflected in the objects used for playing, as well as in the rules and concepts connected with their use. 3 Such issues shall be discussed here using a specific type of game -the throwing of dice.
Dice have an extraordinarily wide distribution seen from a chronological as well as geographical point of view. They are a type of artefact with a rich and diverse archaeological record. From Antiquity onwards there are numerous literal and iconographic sources mentioning dice and dice games. Ethnographic data complete this rich evidence. Finally, mathematic approaches can be applied to dice. Combining these different traits of evidence dice are objects offering the rare opportunity to look beyond the artefact as such. They offer the possibility to infer social and cultural concepts and the change of these by comparing developments and changes in types of dice used in different regions, cultures and time periods. Thus, they are good examples to observe "behaviour behind bones" (Jones O'Day et al. 2003) .
From today's point of view, the rule of opposite sides of dice adding up to seven seems to be a general feature. It transcends cultures, times and geographical regions and at first sight it appears to be strict and never questioned. Research for this paper began in 2004 after discussons with colleagues about a die deviating from this rule, found at Leeste, Germany (Appendix 1, no. 18) . In the course of the subsequent research qualities of archaeological dice and astragali were collected in a database, which at present contains data of more than 1.500 dice and nearly 37.000 astragali. 4 In this article, after an outline of the history of dice and dice games, I would like to discuss the development of numbering rules, reasons for their consistency and the interpretation of exceptions.
Development and geographical distribution of dice and dice games
A problem in tracing the history of throwing games is the fact that almost any natural object, fitting into the palm of a hand -like nuts, shells, stones, etc. -can be used for this type of game. 5 But unless the player did modify the object, or in case of specific contextual information like e.g. grave deposits or hoards, we will never be able to recognise most of these objects as gaming pieces. Nevertheless, one natural object that has been used regularly for throwing games is the astragalus of even-toed ungulates. 6 Archaeological, ethnographical and iconographical evidence shows that these bones were intentionally selected and received extraordinary attention. Finds of astragali from Neolithic sites in Europe and Asia, sometimes with drillings and traces of use-wear, make it probable that astragali were used as gaming pieces as early as the Neolithic period (Maier 1962: 216-220; Schmölcke & Rasran 2000: 361) . Remarkable is the solid gold replica of an astragalus found in a tomb of the Aeneolithic (4500 -4200 BC) necropolis at Varna, Bulgaria, exhibited in the Varna Archaeological Museum (Biegel 1986: 85) . There are even a few older examples from Palaeolithic (Magdalenien) sites, indicating the long lasting significance of these bones. 7 Yet, the purpose of these objects cannot be identified with confidence so far. From the Neolithic onward astragali, providing some kind of evidence for special significance, remain common archaeological finds throughout Eurasia. 8 From the Greek pre-classical period onward astragali are frequetantly mentioned in literature 9 and from Hellenistic times on there are iconographic sources (figs. 1-2). 10 Some of these sources give details of utilisation and gaming rules. Mainly used were the a) Hellenistic terracotta from Capua, Italy, 3rd century BC (from Fittà 1998: 16, fig. 17 ). b) Drawing from Herculaneum, Italy, 2nd-1st century BC (from Pappalardo 2000: 117) . c) Roman terra sigillata vessel from Arezzo or Pisa, Italy, c. 20 AD (from Rieche 2004: 26 Grunfeld et al. 1975: 162 (Bartosiewicz 1999: 41; Bdoyan 1980: 145-156; Dandoy 2006; Haltrich 1885: 205; Hampe 1951: 35, note 47; Hojer, pers. com. 23-5-2006; Ineichen 1996: 26; Karsli, pers. com. 13-6.-2011; Lehmkuhl 1984: 247, 250-251; Rieche 2004: 26; Rohlfs 1963; Schmölcke & Rasran 2000: 365-366; Smith, pers. com. 30-11-2004; Ter-Martirosov, pers. com. 29-9-2005. 12 Not within the scope of this paper, but worth to be mentioned, is another type of use: astragali symbolising miniature animal models, sometimes painted, which are known from 19th and early 20th century Switzerland (Grieshofer et al. 2004: 46, 142-143, 154 ; Iceland (exhibition Skogar Museum; see https://www.wbrg.net/bonetool-of-the-month-archives/bonetool-archives-2017, accessed 24-1-2018; Hungary (Bartosiewicz, pers. com. 30-8-2005) and South Africa (Dandoy 2006: 135) .
13 See Grunfeld et al. 1975: 162-163; Fittá 1998: 16, 30; Hampe 1951: 35, note 47; Hills 1998: 11-14; Haltrich 1885: 205; Hojer 1996: 18, 27; Lehmkuhl 1984: 245-248, 251; Steinmeier 2004: 45-48. knucklebones, fivestones, checkstones, jacks (England), osselets (France), Fangsteine, Knöchelspiel, Kurbeln, Perduck steine, Unterhändchen (Germany), Pitziknochen (Siebenbürgen / Romania). 13 For this paper I will leave out the dexterity games, because they are not related to the research question of the numbering rules, and proceed directly to the games of chance. Two different purposes can be observed in games of this latter category: ritual use of the astragalus as an oracle object (astragalomancy; fig. 3 ) 14 and its use as an everyday gambling item (Hojer 1996: 18-19, 27; Reese 2000; Schmölcke & Rasran 2000: 362-363) . Several astragalus finds show modifications of the original anatomical shape. Occasionally sides were marked with pits ( fig. 4 ). 15 Astragali were found with added holes, ground-down areas (fig. 5), with incised decoration or with metal fittings. The grinding-down of the lateral and medial sides with files or stones is reported from early 20th century Kyrgyzstan, and sometimes half of the bone was ground-down to increase the chance of the more valuable lateral and medial sides to appear upside (Schmölcke & Rasran 2000: 365-366) . Another modification to "improve Fortunas failures" 16 was the filling of the marrow cavity with lead. 17 In early 20th century Kyrgyzstan the use of these manipulated dice lead to "heavy protests of the other gamblers" (Schmölcke & Rasran 2000: 365) . Numerous astragalus replicas in various materials like ivory, gold, silver, bronze, brass, tin, lead, copper, glass, gemstone, marble, stone, amber, mother of pearl, clay or -in Modern Times even in plastic -prove again enduring significance ( fig. 6 ). 18 Baart 14 Astragali are numerous in Mediterranean sanctuaries. Oracles using four or five astragali were common in Greece and Asia Minor (Forstenpointner 1999: 60-62, 177-187; Ineichen 1996: 63-65; Reese 1985; . The Roman emperor Tiberius threw golden astragali in a well while visiting the oracle at Geryon near Patavium (Sueton, Tiberius 14.3; Fittá 1998: 122, 129; Hojer 1996: 18, 27) . Oracles with four astragali are still a common practice in Mongolia ( fig. 3 , Table 1; Peterlunger 1998; Tettenborn, pers. com. 15-1-2006) . In Armenia and Georgia one astragalus is thrown for future foreseeing (Ter-Martirosov, pers. com. 29-9-2005) . See also Ineichen 1996: 63-65 and Hampe 1951: 20-21, 36 , note 56 on astragalomancy.
15 See Bartosiewicz 1999: 40; Bdoyan 1980: 146; Kovács 1989; Kühl 1984: 216-219. 16 "ut arte emendaturus fortuna" (Horatius quoted by Ineichen 1996: 58; 1999: 6) .
17 For examples of modified astragali see Bartosiewicz 1999: 40; Bdoyan 1980: 148-149, 152-154; Forstenpointner 1999: 56-62, 177-187; Kovács 1989; Krüger 1982; Maier 1962: 216-220; Reese 1985; Röber 1994: 113-114; Schmölcke & Rasran 2000: 365; Smith (pers. com 2-6-2006) .
18 For examples of astragalus replicas see Baart et al. 1977: 452-453; Bartosiewicz 1999: 41, 44, 594, fig. 1.2; Bischop 2001: 216; Fittá 1998: 15, 30; Forstenpointner 1999: 56-62; Grunfeld et al. 1975: 163; Hampe 1951: 12-13, 16, 21, 30-31, 34-37, fig. 6, note 3-6, 8, 30, 36, 54, 57-58; Korzakova 2010: 155; Krüger 1982: 155; Reese 2000; Van der Heijdt 1990: 15; Verweij 2018 Verweij : cat. nos. 60, 168, 206, 286, 350, 351. et al. (1977 ) detected a coincidence between the increase of metal astragalus replicas and the prohibition of home butchery in Amsterdam from the beginning of the 16th century onward. As numerous older metal replicas exist (see footnote 17), this is obviously no adequate explanation for such situations elsewhere. a) Bronze astragalus of Darius I. from Susa, Iran, 5th -6th century BC, length c. 40 cm (from Bartosiewicz 1999: 44, 594, fig 1. 2). b) Bronze bikkels Netherlands 1800; these examples show 10 and 11 pittings on one side (from Grunfeld et al. 1975: 163) . b) Prismatic die, Roman (British Museum London; from Fittà 1998: 116, fig. 197 ). c) Lozenge-shaped die from York, England, 16th -17th century AD, size 16 x 10 x 7 mm (from MacGregor et al. 1999 (from MacGregor et al. : 1982 (from MacGregor et al. -1985 .7980).
d) Cubic die with concave sides from Konstanz, Germany, 14th -15th century AD (from Planck 1994: 307) . Dandoy 2006: 132-133; Fittá 1998: 121, 129; Forstenpointner 1999: 56-58) .
b: Bdoyan (1980: 150-155) lists further names from different regions but their attribution to the anatomical sides is not exactly clear. Baart et al. 1977: 455; Barker 1986: 134, fig. 69a; Bernhauer 2007; Bräuning 2004: 30; Cilli et al. 2000: 45, 49, fig. 4; Deschler-Erb 1998: 147, 376, pl. 24.872-890; Falk 1983: 106-107, 126, fig. 1.4; Fittá 1998: 111-113; Goret 2004: 117; Gostencnik 2001: 384, 391, fig. 4.16-20; Gróf & Gróh 2001: 282, 284, fig. 3; Hojer 1996: 20; Ineichen 1996: 49-52, fig. 9-11; Kováts 2005 : 299-300, fig. 11 ; Krüger 1982 , with many additional references ; Labner 2002; Lehmkuhl & Schäfer 2005: 362; Lehnert 1997: 58; MacGregor et al. 1999 MacGregor et al. : 1982 MacGregor et al. -1985 Neveux 2004; Pieler 2005: 799-800; Planck 1994: 307; Rieche 2004: 24; Rijkelijkhuizen 2008; Röber 1994: 114-116; Schmid 1968: 186, fig. 1d; 1972: 44-45, fig. 7; Seibt et al. 1990: 212; Stadler 1995: 234-238; Tamla & Maldre 2001: 373, 380, fig. 12 ; Van der Heijdt 1990 ; Van Vilsteren 1987: 47, fig. 68; Verweij 2018; von Buttel-Reepen 1927; Wegner 1982. 20 A common four-sided type is the Celtic Iron Age stick-shaped die (Appendix 1, no 4-10) (Krüger 1982; Ruß 2005: 771-773; Stäuble 2005; Verweij 2018: cat. no. 82, 184, 185, 205, 273, 296) . Probably a derivate of this is the Westerwanna die ( fig. 7a ), a geographically restricted form, some dozen of which were found in Roman Iron Age and Migration Period contexts in Northern Germany and the Netherlands. This die is more oval than cubic in shape with rounded edges. Only four sides are decorated with numbers 2 -5, numbers 1 and 6 are not represented. Opposites add to seven in all known cases (Bischop 2001: 74-75, 88-89, 216; Hermsen 2000: 140, fig. 5; Krüger 1982; Roes 1963: 53, pl. 44.4-14; Van der Heijdt 1990: 72, 146; Verweij 2018: cat. no. 127, 183, 193; von Buttel-Reepen 1927) . A modified form of the cubic dice with concave sides has been found in 13th to 16th century German and Austrian contexts and on iconographic sources ( fig. 9b ) of the same period (Bernhauer 2007: 227-231) . For further examples of non-cubic dice of different shapes see Fittá 1998: 113-116, 128; Ineichen 1996: 17, 53-54, 65-69; MacGregor et al. 1999 MacGregor et al. : 1982 MacGregor et al. -1985 Planck 1994: 307; Van der Heijdt 1990: 10, 15, 62-85, 105-107; Verweij 2018: cat. no. 76, 226. 21 The Latin word talus is a synonym for the astragalus and thus for this type of die (Ineichen 1996: 23; Menge 1982: 514 clay, amber, gemstone, gold, bronze, lead or glass were also employed. 22 Dice are especially common in Roman military contexts. 23 Numerous finds of gambling related items like dice beakers (fritillus), funnels (phimus) or towers (turricula) ( fig. 8, 9a ) 24 as well as iconographic 25 ( fig. 9 ) and literary sources 26 complete the picture of the popularity of dice games under Roman soldiers.
Region

The development of the numbering rules
The characteristic morphology of the astragalus with its four different and easily distinguishable sides (Table  1) suggests the designation of specific values to each side. Table 1 gives examples of such names and values.
Usually four or five astragali were thrown together and the combination of the sides counted. Table 2 contains three examples for rankings of different combinations. Evidently, astragali have only four sides on which they can fall and that thus may be valued. Yet, only the values 1, 3, 4 and 6 are known for these four sides from the Greek and Roman era; in finds from other contexts no numbers are attributed to the sides or the numbering does not follow a recognisable system. The location of the numbers in Greek and Roman contexts is regularly 3 : 4 and 1 : 6 opposite to each other (Table 1) .
A cubic die offers 30 different possibilities to arrange the numbers 1 -6 (Ineichen 1996: 42) . But, as already mentioned, the arrangement of the numbers on archaeological dice is far from random, the vast majority of the finds display opposite sides adding up to seven. At first sight the rule appears to be affected neither by material or shape nor by time period or cultural or geographical origin of the die. Keeping this in mind I would like to address the question "why?". Why is this the only allowed possibility? Why was this rule invented?
A look back in time reveals that in 3rd millennium BC dice there was no fixed rule for the arrangement of the numbers (Appendix 1, 1-2) . Opposite sides adding up to seven appear for the first time on Egyptian dice dating back to the 16th century BC, but there was not any standardised system during the time of the Egyptian New Kingdom (1550 ( -1080 Ineichen 1996: 41, 146) . The Greeks apparently standardised the now called canonical or conventional numbering system in the 1st millennium BC. In addition to archaeological finds there are literary sources reporting this configuration. 27 Unfortunately such sources do not answer the question "why?". From Greek antiquity onward the rule appears to remain consistent. It was obviously transmitted with the spreading of dice games itself -probably intensified by the expansion of the Roman Empire and culture.
In a first approach towards explanation we may look at a simple condition of astragalus games: the broad dorsal and plantar sides will occur more often upside than the narrow lateral and medial sides because of their morphology. 28 Consequently, the less often occurring narrow sides are more valuable from a statistical point of view. This is expressed in the ranking of the combinations (Table 2) . A strict application of this fact would mean to attribute the highest values -5 and 6 -or maybe even 3 and 4 in case of only four existing sidesto the lateral and medial sides and the lowest values (1 and 2) to the dorsal and plantar sides. This is obviously not the case in Greek and Roman astragalus games. For a cubic dice, where each side has the same probability to appear upside, 29 there is no necessity for any specific arrangement from this point of view.
Another often suggested reason (e.g. Ineichen 1996: 42, 146; Lehmkuhl & Schäfer 2005: 362; Stäuble 2005) is the magical belief connected with the number seven. In accordance to the fact that astragali and dice were used in ritual practises this assumption seems not unreasonable. The number seven received extraordinary appreciation in Sumerian, Babylonian, Egyptian, Assyrian, Persian, Greek, Roman and other cultures, probably originating from astronomic observations. 30 But, while there is no lack of sources for the ties between the value seven and religious beliefs in other instances (e.g. the seven biblical days of creation), I could not find any reasonable direct evidence for the relationship between magical beliefs and the arrangement of the numbers on dice. Further, the significance of seven was well established in the Sumerian, Babylonian and Egyptian society, but according to the finds from Tepe Gawra (Appendix 1, no. 1) and Egypt (Ineichen 1996: 42-44, 146) in these cultures no rule for the numbering of dice related to the seven has been developed. At least all rituals in which dice might have been employed seem to have worked equally well with different numbering systems.
Maybe the reason was just a preference for mathematical symmetry? Grouping 1 : 6, 3 : 4 and 2 : 5 is the only possibility to arrange the numbers 1 to 6 in pairs symmetrically. Any other arrangement will result in different sums for the opposite sides. And, of course, seven is a prime number and thus of special mathematical significance. But apart from the well-known fact that mathematics was highly appreciated and developed in Greek and Roman antiquity, there is yet no evidence to verify or falsify this assumption. Ineichen (1996: 35-36; discussed the idea of harmony as a value in Greek philosophy. While in today's dice games the least probable combination is the most valuable, in antique times the most harmonic combination (iactus Venerius) was the highest valued. Maybe this applies also to the numbering system. 4-5, 38, 58-59, 63, 66-67, 75, 163, 169, 193, 210, 256-257, 261, 273, 296, 330, 357, 386, 389, 412, 586-587, 607, 1217 -1218 , 1831 -1832 Vogt 2012: 13-21) . They are excluded from Appendix 1 because of insufficient or uncertain data for provenance or dating at time of writing.
Finally, returning to Huizinga's (1980: 8-10) consideration of the nature and implicit characteristics of play (see footnote 3), the cause may be sought in the dichotomy of creation and tradition in play. An unknown person back in Greek Antiquity created the canonical design of dice, it became a rule and a tradition, the violation of which would have been regarded as an offense to the order of the game. Ineichen (1996: 32) discusses the possibility of a convention as reason for the assignment of numeric values to combinations of specific sides of astragali. He regards this option as possible but unlikely, referring to several historical Greek scientists 31 developing elaborated philosophical texts dealing with probabilities and mathematics.
Exceptional finds
As every rule has its exceptions so has the numbering of dice. Appendix 1 assembles 159 examples of dice from 54 sites 32 with an exceptional arrangement of numbers from a variety of chronological, geographical and cultural contexts not following the canonical numbering. Surprisingly exceptions are less rare than expected and the ones listed are not the only ones. 33 Taking a closer look at the assembled exceptions changes the picture of the uniform numbering rule remarkably and provokes questions about the origin of and reason for the canonical rule as well as for exceptions. Comparing rules and exceptions in dice offers the possibility to track "behaviour behind bones", as Jones O' Day et al. (2003) have put it. A cultural comparison shows that very few exceptions occur in Greek and Roman contexts regardless whether the dice are of the oblong or cubic type (Appendix 1, nos. 3, (12) (13) (23) (24) . In contrast the rule of 7-sum placement is less strictly adhered to in Etruscan (Fitta 1998: 113) and in Celtic (Appendix 1, nos. 4-5, 8-10) contexts. On the majority of the four-sided Celtic stick-shaped dice the represented numbers range from 1 to 6, but the combination of seven is just one of a great variety of other combinations (including exceptional numbers like 10 or 19; Appendix 1, nos. 6-7; Krüger 1982: 149-153) . Etruscan dice are mainly cubic but the numbering is not restricted to the canonical rule (Fittá 1998: 113 ). An example from the Phrygian capitol Gordion (9th-6th century BC) in Turkey (Appendix 1, no. 66) also does not apply to the rule. Interestingly, all known finds of the oblonged and oval-shaped Germanic Westerwanna dice follow the canonical numbering rule, while the style of the dot arrangement is closer to Celtic dice and the shape is a mixture between Roman cubic and Celtic stick-shaped dice. Krüger's (1982: 190-191) hypothesis is that this is a result of the melting of Celtic and Germanic traditions mediated through Roman contacts. This is supported by Krüger's comprehensive work about Iron Age games, who found that Roman military sites produced exclusively cubic and Celtic oppida exclusively stick-shaped dice, while in Germania Libera both types appear alongside each other (Krüger 1982: 184-191) .
Searching for recurrent numbering patterns reveals one configuration, which occurs in higher than expected frequencies apart from the canonical numbering. In this configuration, following numbers are set opposite to each other (1 : 2, 3 : 4, 5 : 6; Appendix 1, nos. 37-42, 45-47, 49-50, 58, 61, 64) . 34 Dice of this type are found in high and late medieval contexts (11th -15th century) beside conventionally numbered ones (Eerkens & de Voogt 2018: 165; MacGregor et al. 1999 MacGregor et al. : 1982 MacGregor et al. -1985 Van der Heijdt 1990: 122) . Apart from this no other recurrent pattern in the numbering of exceptional dice could be recognized so far. 35 Extraordinarily peculiar are the specimen with numbers represented twice (Appendix 1, nos. 10, (13) (14) 20, 22, (24) (25) 36, 38, 44, (52) (53) (54) (55) (56) (62) (63) 65) . Here, in all but two cases (Appendix 1, nos. 22, 44, 65) the numbers occurring twice are arranged opposite to each other. Very rare are dice with numbers higher than 6 (Appendix 1, nos. 6-7, 22-23, 27, 30, 59) . In particular, there are three with 7, one with 9, four with 10, one with 12 and one with 19.
A chronological analysis shows a lack of numbering patterns for the earliest dice (Appendix 1, nos. 1-2), suggesting that no system had been developed at the origin of dice. Despite the generally strict numbering rule in Greek and Roman antiquity there are several exceptions (Appendix 1, nos. 3, 12-13, 24-25) but they do not follow a set alternative system. In the Late Middle Ages the already mentioned alternative pattern has been developed. In Early Modern Time the medieval numbering system disappears again and the canonical 34 Eerkens & de Voogt (2018: 165) call this configuration "Primes". 35 Eerkens & de Voogt (2018: 165) recognise one more pattern they call "Turned" (1 : 3, 2 : 4, 5 : 6). According to them this pattern is "found in ancient dice worldwide in higher-than-expected frequencies". However, within the sample of 1.215 cubic dice analysed for numbering patterns in this study, the "Turned" pattern appears only ten times: one time on a Roman die from Aislingen, Germany (Appendix 1, cat. no. 12), twice on medieval dice from Genf (Appendix 1, cat. no. 57) and on seven probably Roman dice of unknown provenance from the collection of Verweij (2018: cat. nos. 67, 163, 256-257) .
numbering becomes the exclusive rule, resulting in our modern day perception of a generality. Hermsen (2000: 140) suggests that people outside of the direct influence sphere of the Roman Empire tried to copy Roman dice but were not aware of the exact pattern. While this cannot be ruled out for individual examples, the sheer amount of exceptional dice makes this unlikely as a general hypothesis. Further, exceptions do also appear in Roman contexts, albeit not very frequently (Appendix 1, (24) (25) . Another interpretation is that the strict rule became less important after the decline of the Roman Empire. Reasons for this could be a shift in the significance or the purpose of the dice. This could have been a shift from an object attributed to magic beliefs to a solely gambling item or the utilisation in different types of games (Hermsen 2000: 141) .
A more manufacture oriented approach might assign the exceptions to artisans' mistakes implying that the bone-worker intended to follow the rule but failed. Judging by the amount of preserved exceptional finds my impression is that this is not the case at least not for all examples. Assuming that the numbers were deliberately arranged in the exceptional ways allows two scenarios. Either the artisan did not care about the arrangement of the numbers, because there was no need to follow a rule, or he did deliberately develop an individual or group style for some reason (e.g. as expression of social identity; see for instance Choyke et al. 2003 ). An argument for artisans' failures are seven unfinished dice from the St. Jakobs-Platz in Munich (Bernhauer 2007) , which display various fabrication defects like splintered edges, merged points, etc. These have been discarded together with large amounts of dice manufacturing waste. None of these specimen shows an irregular numbering. However, the artisan's failure hypothesis seems to be a reliable interpretation for particular specimen like one die from Konstanz (Appendix 1, no. 62) or the die from Aschaffenburg (Appendix 1, no. 36). In case of the former, a double five has been drilled opposite to the 6. This die also has been discarded together with dice production working waste, making it likely that it was regarded as a failed specimen. In case of the latter, the numbering is similar to the late medieval pattern of following numbers, but the four and the six have probably accidently been swapped. The dice from Mahlstedt (Appendix 1, no. 20), Trier (Appendix 1, nos. 24-25) and Didam (Appendix 1, no. 30) are suggested to be toys made by children because of their uneven shape, simple manufacturing techniques and the fact that one of the Trier dice was found in a child's grave (Hermsen 2000: 141; Wegner 1982: 34) . Here again the manufacturing child could have been unaware of the numbering rule or it intended to create something individual. My objections against this explanation is that a bone die is not manufactured in a couple of minutes and the clay pieces from Mahlstedt and Didam are burnt.
Another idea, which has been put forward is that dice with exceptional numbering were intended for cheating (Erath 1999: 98; Labner 2002; Wegner 1982: 34) . Cheating is evident directly (e.g. by dice filled with lead) or indirectly (e.g. by anti-cheating devices like turriculae or fritilli; fig. 8, 9a ). Nonetheless this assumption seems unlikely, because the deviating numbering alone does not increase the chance of specific numbers to appear.
All known examples for cheating are related to mechanical modifications or throwing manipulation, but not to the numbering (Fittà 1998: 116-118; Van der Heijdt 1990: 35-47) . In case of missing or double represented numbers one might also wonder whether the intention to cheat is not too easy to discover (see also Van der Heijdt 1990: 40-43; Wegner 1982: 34) . However, the painting "Garden of Delights" by Hieronymus Bosch (fig. 9c ) shows a die with a double 4, which may be related to cheating taking into account the context of the illustration, which is shown on the right side of the tryptychon representing the hell.
For the Serce Limani bronze cube (Appendix 1, no. 59), showing exceptional numbers ten, fourteen and two times seven, a use as a weight has been suggested (Cassavoy 2006 ) and thus the similarity to a die may be a matter of coincidence.
At least the shift from the two existing numbering systems in the Late Middle Ages towards the exclusive use of the canonical numbering pattern from Early Modern Time onwards can be backed with some stout evidence. On the 30th of July 1297 the city council of 36 '4. Item statuerunt ordinaciones que secuntur quod aliquis homo hujus ville Tholose non sit ausus facere taxillos seu daczs nisi septennos inter partem superiorem et inferiorem videlicet de VI punctis in una parte et in alia inferiori de uno puncto, item in alia parte de V punctis et in alia inferiori de duobus punctis,5. Item in illa parte dicti taxilli de IIIIor punctis et in illa parte inferiori de III punctis.'
The statutum taxillorum is documented in the appendix of Fagniez (1898: 321-323, doc. 272) . Translation with the help of Dirk Schmitz, Römermuseum Xanten.
37 'Bone artifacts can reflect other seemingly intangible dimensions of the psychic development of prehistoric people, and their functions can be plausibly interpreted. In the specific cases to be discussed here, bone artifacts seem to reflect game-playing and/or divination and to attest to early attempts by Upper Paleolithic humans to deal with chance: to cope with the seemingly "uncontrollable" randomness of natural phenomena. Modern human beings (and Upper Paleolithic people belonged to the same species as we do) find it hard to understand that many natural phenomena are simply random, a fact that is at least perplexing if not troubling, and that leads us to invent various means of coping with this randomness.
[…] Such attempts to cope with randomness are, as much as graphic art, an important hallmark of fully modern, fully elaborate, socio-cultural systems. They permeate our belief systems, and play a large part in magico/religious ideas. […] Games, particularly those in which skill plays little or no part, serve to strengthen social cohesion as they divert and entertain. In difficult times, they may provide important alternative means of gratification. Simple dice games are among the most widespread of these.' (Freeman & González Echegaray 2018: 160, 174 ).
Toulouse issued a law advising the artisans of the city and the surrounding districts (suburbium) dealing with the manufacture of dice to produce them in a strictly predetermined way. Amongst other regulations on dice production it is declared in the so called statutum taxillorum that "no inhabitant of the city of Toulouse is allowed to manufacture dice except for when the upper and lower side add to seven like for example VI points on one side and on the inferior side one point, likewise on another side V points and on the inferior side two points, likewise on that side of the named dice IIII points and on the inferior side III points." 36 A law with similar content, the parole des Deciers de Paris, has survived from 13th century Paris (Boileau 1879: 149-151; Neveux 2004: 126-127) . These documents allow the hypothesis that the disappearance of non-canonical numberings may be related to regulations by authorities. The question if these restrictions are confined to the areas of Toulouse and Paris must remain open so far, but the existence of such official documents plus the fact that alternative numberings of dice have completely disappeared adds weight to the possibility that those regulations were more general and geographically widespread.
Conclusion
In their analysis of three worked pieces of a cervid metapodium found in the Upper Palaeolithic (Magdalenian) cave site of El Jouyo (Cantabria, Spain) suggested to be gaming or divinatory devices, Freeman & González Echegaray (2006) argue that dice games serve an important socio-cultural function within a social system by strengthening social cohesion as well as being a means of coping with potentially troubling, uncontrollable natural phenomena. 37 Strategies against the unpredictability of nature are a general feature of socio-cultural interaction and can be traced back to the beginning of mankind. Trying to predict things that are otherwise unpredictable maybe a reason for the invention Why 7?
of throwing games. To put it the other way round, dice take the burden from man to make decisions in a state of uncertainty (Ineichen 1996: 36, 61-63) . Or, to say it with Huizinga (1980: 10) , the play creates order: "Into an imperfect world and into the confusion of life it brings a temporary, a limited perfection." This desire for perfection and order, recognisable as one essential and important aspect of play, may also be related to the step-by-step development from two-sided natural objects to geometric forms and towards a symmetry in numbering. The considerations in this paper show first of all that the canonical numbering system for dice was by far less general than it appears from todays point of view. Instead, the canonical numbering system is a secondary development appearing two millennia after the invention of cubic dice in the 3rd millennium BC. The first cubic dice with the canonical numbering system appeared in the Egyptian New Kingdom, in the 16th century BC. The Greek adopted it in the 1st millennium BC. While being followed relatively strictly in Greek and Roman culture other rules existed in contemporary other cultures like Celtic or Etruscan. In the High Middle Ages even a competing numbering pattern (1 : 2, 3 : 4, 5 : 6) came into use widespread over Europe, which lasted for several centuries (from the 11th to the 15th century). The late medieval shift towards the canonical numbering was possibly induced by law.
The question "Why 7" remains unsolved. While the possibility of one design option becoming a convention and a subsequent traditional rule cannot be ruled out, a relation to a meta-level seems more likely. Given the facts and deductions outlined above, Greek values of aesthetics, beauty and symmetry seem more convincing than religious or magical beliefs connected with the number seven.
In their publication on the development of cubic dice Eerkens & de Voogt (2018) discuss qualities, patterns, differences and developments of dice from Roman to Early Modern Time by analysing material type, numbering configuration, style of the dots (pip style), shape and size of 312 dice from the Netherlands and the UK. In their introduction they write "Although we shy away from larger interpretations regarding the context and use of dice in ancient human societies, the paper sets a stage for such an analysis." (Eerkens & de Voogt 2018: 164) . Hopefully, my paper may help to push the research on rules and exceptions in the numbering of dice. 
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Sneek Netherlands
Roman Iron
Age Germanic 2 . 4 3 : 5 1 bone Krüger 1982: 142-154, 244 321, fig. 49.4, cat. no. 253 
33
Dorotowo Poland Roman Iron Age 3 : 6 4 : 0 2 glass Krüger 1982: 141-154, 224, 292, fig. 29.14-15, cat. no. 47 
34
Krakówka Poland Roman Iron Age 3 : 4 6 : 0 2 glass Krüger 1982: 141-154, 224, 293, fig. 29.17, cat. no. 51
35
Leg Piekarski Poland Roman Iron Age 3 : 0 4 : 6 4 bone Krüger 1982: 141-154, 224, 293, fig. 29.9-12, cat. no. 52 
Middle Ages
36
Aschaffenburg, Germany fig. 3 38
Bremen Germany 13th -14th c. AD Late Middle Age 1 : 2 3 : 4 5 : 6 3 bone Bischop 2005a: 42-43, fig. 6.2; 2005b: 12-13, Abb. 5.4; 2006: 222, 226, Abb. 11.1; Lehnert 1997: 57-58, pl. 7.6, 16.4, 25.5; Rech 2004: 275-276, 385-386, fig. 289 Rech 2004: 386; Schütte 1978; 1979: 56-57, 60, fig. 3 .10
41
Hattingen Germany 13th c. AD Late Middle Age 1 : 2 3 : 4 5 : 6 5 bone Seibt et al. 1990: 160, cat. no. 203-204 Ulbricht 1984: 39-40, 58-59, pl. 87.10 
45
Schleswig Germany 11th -14th c. AD Middle Age 1 : 2 3 : 4 5 : 6 5 bone Ulbricht 1984: 39-40, 58-59, fig. 6b, pl. 46.5, 9-10, 87 
